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ABSTRACT
EMOTIONAL RESPONSE TO NEGATIVE MOOD INDUCTION IN MILD
COGNITIVE IMPAIRMENT AND COGNITIVELY-INTACT OLDER ADULTS
SEPTEMBER 2019
GENNARINA DIANE SANTORELLI, B.S., FORDHAM UNIVERSITY
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Rebecca E. Ready

Older adults with mild cognitive impairment (MCI) report greater rates of psychiatric
symptoms than cognitively-intact older persons. This may be associated with emotion
dysregulation, which is prevalent in cognitively-impaired populations. No research to
date has investigated responses to emotionally-provocative stimuli in persons with MCI.
Aim 1 of this study determined differences in emotional reactivity to and recovery from
negative mood induction in older persons with amnestic MCI (aMCI) and cognitivelyhealthy older adults. Moreover, emotion dysfunction in MCI may be linked to
impairment in executive function (EF), a common feature of MCI. Theoretical models
postulate that EF is essential to the active regulation of emotions. Aim 2 of this study
determined associations between EF and emotion outcomes. Twenty older adults with
aMCI and 25 cognitively-intact older adults watched a video depicting interpersonal loss
to induce negative mood. Self-reported emotions were assessed prior to and immediately
after the video, and after 3- and 6-minute recovery periods. Participants completed
neuropsychological and behavioral measures of EF. Persons with aMCI and cognitivelyintact older participants did not significantly differ in sadness or pleasantness reactivity to
and recovery from the negative film clip. An association between poorer performance on
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an EF measure of behavioral inhibition and greater sadness reactivity was significantly
stronger for individuals with aMCI compared to cognitively-intact older adults. Results
lend support to theoretical models of EF and emotion regulatory abilities, and – with
replication – may lead to better psychosocial interventions for persons with MCI who
experience psychological distress.
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CHAPTER 1
INTRODUCTION
1.1 Overview
A substantial increase in the older adult population in the United States is
predicted to occur within the next two decades due to the aging of the “baby boomers”
(individuals born between 1946 and 1964), who began to turn 65 in 2011 (Federal
Interagency Forum on Aging-Related Statistics, 2010). By 2030, an estimated 72 million
people in the United States (20% of the population) will be 65 or over, an increase from
the 39 million (13% of the population) in 2008. This estimate, coupled with data
indicating that life expectancy will continue to steadily increase, suggests that in the next
few years a larger percentage of the population will be afflicted with age-related
disorders, including dementia, than ever before (Federal Interagency Forum on AgingRelated Statistics, 2010). Indeed, by the year 2050, an estimated 16 million older adults
will have a diagnosis of Alzheimer’s disease (AD), the most common type of dementia
(National Institute of Aging, 2005).
Given these estimates, there is a growing need to understand the risks for poor
emotional functioning among those at greatest risk for dementia. Indeed, emotion
dysfunction (i.e., depressive symptoms, anxiety) is common in the prodromal and earliest
stages of dementia, and is linked to increased rate of disease progression (Gabryelewicz
et al., 2007; Panza et al., 2010; Peters, Villeneuve, & Belleville, 2014). As such, many
researchers have turned their attention to a condition referred to as mild cognitive
impairment (MCI); older persons with MCI have a four-fold increased risk of developing
dementia compared to cognitively-healthy older adults (de Bruijn et al., 2014).
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Specifically, those with the amnestic subtype of MCI (aMCI), who suffer from memory
impairment with or without impairment in other cognitive domains, are at greatest risk of
progressing to dementia due to AD compared to those with nonamnestic MCI (naMCI),
who do not exhibit memory impairment (Tifratene, Robert, Metelkina, Pradier, &
Dartigues, 2015). Older adults with MCI are more likely than their cognitively-healthy
counterparts to suffer from emotional disturbances, including depression and anxiety
(e.g., Apostolova & Cummings, 2008; Köhler et al., 2016).
Little is known about the spontaneous, moment-to-moment emotional responses
of older adults with MCI, but learning more about their responses to emotionallyprovocative stimuli can lead to a better understanding of their emotional functioning
more broadly. This study investigated differences in emotion reactivity and recovery
following negative mood induction in persons with aMCI and cognitively-intact older
adults, as well as the role of cognitive dysfunction in predicting emotion outcomes. The
goal of this work was to contribute to a better understanding of the emotional functioning
of older persons with MCI and the cognitive correlates that may be associated with the
increased risk of emotion dysfunction in this population. This may aid in the
development of more targeted psychosocial interventions for older adults with MCI.

1.2 Mild Cognitive Impairment (MCI)
MCI is a condition characterized by cognitive decline that is neither typical of
normal age-related change nor as severe as that which is found in dementia (Petersen,
2011). Older adults with MCI experience cognitive impairments that are observed by the
individual or a loved one and are evident on objective cognitive measures, but do not
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significantly impede on daily functioning (Petersen, 2011). Preservation of the ability to
engage in independent activities of daily living, even if such activities require additional
support or compensatory strategies, distinguishes this population from individuals with
dementia (Petersen, 2011).
There are several subtypes of MCI (Petersen, 2011). As mentioned, those with
aMCI exhibit impairment in memory, with or without impairment in other cognitive
domains. Nonamnestic MCI (naMCI) refers to impairment in one or more cognitive
domains (e.g., language, executive function), with preserved memory functioning. The
aMCI and naMCI subtypes can be further broken down into single domain versus
multiple domains. Single domain indicates impairment in only one cognitive domain; for
aMCI - single domain, the impaired domain is always memory, whereas in naMCI single domain, the impairment can be in any cognitive domain except memory. Multiple
domains indicate impairment in two or more cognitive domains, at least one of which is
memory in aMCI and none of which are memory in naMCI.
Overall, individuals with MCI progress to dementia at greater rates than older
adults without MCI. Although a subset of older persons with MCI – typically those
whose cognitive impairment is the product of cerebrovascular or infectious diseases –
remain stable or revert back to normal cognitive functioning over time (about 8% of those
with such comorbid factors), individuals with MCI are generally at substantially greater
risk of developing dementia, particularly AD, compared to cognitively-intact older adults
(Duara et al., 2011; Lopez et al., 2007; Marcos et al., 2016; Rosenberg & Lyketsos, 2008;
Tschanz et al., 2006). Marcos and colleagues (2016) found that the incidence rate ratio of
dementia among individuals aged 65+ years was three to five times higher in those with
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MCI compared to cognitively-healthy older adults. Indeed, MCI is often considered to
represent an early stage of dementia due to high progression rates (with annual
conversion rates ranging from 5.4 to 16.5% per person-year), as well as similarities with
dementia in clinical and neuropathological features (Morris et al., 2001; Ward, Tardiff,
Dye, & Arrighi, 2013).
Risk for conversion to dementia varies by MCI subtype. Individuals with aMCI
(with or without impairment in other domains) have the highest conversion rates to all
dementia types compared to those with single or multi-domain naMCI, though those with
aMCI appear to be particularly vulnerable to developing AD (Busse, Hensel, Gühne,
Angermeyer, & Riedel-Heller, 2006; Tifratene et al., 2015). This group is also the least
likely to revert back to normal functioning (Busse et al., 2006; Rosenberg & Lyketsos,
2008).

1.3 Psychiatric Features of MCI
Older adults diagnosed with MCI have greater rates of psychiatric disturbances
including depression, anxiety, and irritability, compared to cognitively-intact older adults
(e.g., Apostolova & Cummings, 2008; Gallassi, Bisulli, Oppi, Poda, & Di Felice, 2008;
Hwang, Masterman, Ortiz, Fairbanks, & Cummings, 2004). In a comprehensive review
of the literature, Apostolova and Cummings (2008) found that 35 to 75% of individuals
with MCI exhibit at least one psychiatric symptom, with the most common being
depression, apathy, and anxiety. In a more recent review of the literature, the median
prevalence rate of depression in individuals with MCI was approximately 30% (Köhler et
al., 2016). Emotional disturbances in MCI are linked to poorer quality of life, as well as
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an increased risk of progression to dementia (Feldman et al., 2004; Forrester, Gallo,
Smith, & Leoutsakos, 2015; Panza et al., 2010). Low mood is particularly prominent in
the very early stages of cognitive decline, and is associated with an increased risk of MCI
and dementia in older individuals (Caracciolo, Bäckman, Monastero, Winblad, &
Fratiglioni, 2011).

1.4 Emotion Dysregulation in Cognitively-Impaired Populations
Psychiatric symptoms in older adults with MCI may be linked to dysregulated
responses to emotional stimuli. Persistent difficulties with managing one’s emotional
reactions to everyday encounters (e.g., watching a sad movie, hearing distressing news)
are associated with depressive and/or anxious symptomology (Mennin et al., 2007).
Emotion regulation involves one’s effort to influence the internal experience and/or
external expression of one’s emotional response, and the duration of that response, in the
face of an emotionally-provoking encounter (Gross, 2002). Older adults with cognitive
impairment have been found to exhibit deficits in emotion regulation (Goodkind, Gyurak,
McCarthy, Miller, & Levenson, 2010; Mammarella & Fairfield, 2014). Several
laboratory-based paradigms have used instructed regulation to investigate emotion
dysregulation in older adults with cognitive impairment; in these studies, participants
were instructed to use a particular type of regulatory strategy in response to a stimulus.
Goodkind and colleagues (2010) found that, compared to healthy controls, patients with
AD and frontotemporal lobar degeneration exhibited impairment in the ability to downregulate their emotions when instructed. Likewise, older adults with AD may experience
deficits in up-regulation of emotions (e.g., amplification of their emotion-expressive
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behavior to a positive stimulus; Henry, Rendell, Scicluna, Jackson, & Phillips, 2009).
Older adults with cognitive impairment may exhibit deficits in emotion regulation in
these laboratory studies because instructed regulation is particularly cognitively
demanding (Goodkind et al., 2010). However, differences among cognitively-impaired
older persons, specifically those with MCI, and healthy adults in their naturalistic
responses (i.e., subjective emotional experiences) to emotional stimuli in a mood
induction paradigm has not yet been investigated. One study, which did not involve a
mood induction, provides preliminary evidence that older persons with MCI may exhibit
hyper-reactivity to negative emotional stimuli (Sturm et al., 2013). Sturm and colleagues
(2013) found that older adults with MCI and those with AD reported greater emotion
reactivity (e.g., discomfort, anxiety) to negative social situations on a self-report
questionnaire compared to cognitively-healthy older adults. Natural responses to
emotional stimuli may be used to infer emotion regulatory abilities. More specifically,
mood repair – or the ability to return to a state of greater positive versus negative
emotions following a recovery period – has been used to assess emotion regulation in
non-instructed negative mood induction paradigms (e.g., Kliegel, Jäger, & Phillips,
2007).
The current study fills several important gaps in the literature on emotional
functioning in MCI. As mentioned, no study to date has investigated spontaneous
emotion response to mood induction in an MCI population. Pilot data from our lab
provided preliminary evidence that older adults with MCI/early AD report greater
reactivity to negative mood induction. In this pilot study, the patient group, compared to
healthy controls, reported greater negative affect (NA) and sadness after watching sad
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video clips (Santorelli, Mather, Swearer, & Ready, 2017). Moreover, there is a dearth of
research on emotion recovery in older persons with MCI. Investigating emotion
trajectories, or patterns of emotion response over time, rather than just reactivity to a
negative encounter or stimulus may aid in determining where in the regulatory process
impairment arises. That is, by exploring emotion trajectories, we can determine if
elevated negative emotions and/or greater declines in positive emotions among those with
MCI compared to healthy older adults may be due to higher baseline negative
emotionality, greater emotional reactivity, delayed emotional recovery, or some
combination of the three. This approach is an essential step in understanding the emotion
dysfunction associated with MCI and developing interventions that target the most vital
point/s of weakness in the regulatory process in this population.

1.5 Emotion Dysregulation and Executive Functioning in MCI
Emotion dysregulation in MCI may be associated with declines in executive
functioning (EF). EF is a broad term referring to “a process used to effortfully guide
behavior toward a goal, especially in nonroutine situations” (Banich, 2009, p. 89). EF
includes higher-order processes such as planning, response monitoring, simultaneous
processing when performing multiple tasks, and conflict resolution (Banich, 2009). EF
deficits are common in all subtypes of MCI – including aMCI (e.g., Johns et al., 2012).
Although memory impairment is the “hallmark” feature of aMCI and necessary for
diagnosis, many persons with aMCI also exhibit impairments in one or more EF domains,
including divided attention, working memory, inhibition, verbal fluency, and planning
(Johns et al., 2012; Kramer et al., 2006). It is important to note, however, that there is a
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great deal of within-group variability in EF performance amongst those with aMCI (see
Johns et al., 2012 for an overview of EF in aMCI). EF impairment in MCI is also
associated with a range of adverse outcomes (e.g., Brandt et al., 2009). For instance, EF
deficits confer increased risk of progression to dementia (Albert, Moss, Blacker, Tanzi, &
McArdle, 2007; Brandt et al., 2009). In older adults, impaired EF predicts poor treatment
outcome for depression, including poor response to psychopharmacological treatment
(Alexopoulos et al., 2005) and increased risk of recurrence of geriatric depression
(Alexopoulos et al., 2000; Potter, Kittinger, Ryan Wagner, Steffens, & Ranga Rama
Krishnan, 2004). Of particular relevance to the emotion dysfunction observed in persons
with MCI, EF impairment is associated with greater severity of psychiatric symptoms,
specifically depression and anxiety, in this population (Rosenberg et al., 2011). Such
findings suggest that EF may support emotion regulation capabilities in older adults.
Indeed, theoretical models, such as the Model of Cognitive Control of Emotion
(MCCE), postulate that executive systems are essential to the active regulation of
emotions (Ochsner, Silvers, & Buhle, 2012). EF systems, including working memory
capacity, behavioral inhibition, and task-switching, contribute to multiple stages of
emotion regulation in both healthy younger and older adults (Gyurak, Goodkind, Kramer,
Miller, & Levenson, 2012; Hofmann, Schmeichel, & Baddeley, 2012). As discussed,
cognitively-impaired older adults often exhibit deficits in emotion regulation (Goodkind
et al., 2010; Mammarella & Fairfield, 2014). Given the role of executive processes in
emotion regulation, older adults with MCI – particularly those with poor EF – may
experience greater negative emotional response to and/or prolonged recovery from a
negative encounter compared to cognitively-healthy older persons. Indeed, research
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reveals that poorer EF is associated with greater subjective negative emotional reactivity
to negative mood induction in healthy adults (emotion recovery was not tested;
Schmeichel, Volokhov, & Demaree, 2008). While no studies to date have investigated
this phenomenon in older adults with MCI, pilot data from our lab indicated that greater
NA reactivity to mood induction was correlated with poorer performance on measures of
cognitive flexibility (i.e., Trail Making B) and inhibition (i.e., Stroop Color-Word
Condition) in an MCI/early AD sample (Santorelli et al., 2017).

1.6 The Current Study
The primary aim of the current study was to determine differences in subjective
emotional reactivity to and recovery from negative mood induction in older adults with
aMCI relative to cognitively-intact older adults. A secondary aim of this study was to
determine the role of EF (as assessed by both self- and informant-reports and
neuropsychological measures) in predicting emotion response to negative mood induction
in older adults with and without aMCI. I utilized a lab-based paradigm to explore
spontaneous emotion reactivity to and recovery from a sadness-inducing film clip about
interpersonal loss. Based on a review of the literature on emotion dysfunction in MCI, I
hypothesized that (a) compared to cognitively-intact older adults, older adults with aMCI
would report greater negative emotional reactivity to a sadness-inducing film clip
immediately following the end of the clip (i.e., greater increase in negative emotions and
decrease in positive emotions from baseline), and attenuated recovery (i.e., lesser
decrease in negative emotions) after 3- and 6-min recovery periods following the mood
induction; and (b) poorer EF would be associated with greater reactivity and poorer
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recovery. Regarding the second aim, we also determined if associations between EF and
emotional response differed based on group status (aMCI versus cognitively-intact); these
moderation analyses were exploratory and no a priori hypotheses were made. Questions
regarding emotion recovery were also somewhat exploratory given the lack of research
on this phenomenon.

1.7 Significance
Results of this study provide information about emotion reactivity and recovery in
cognitively-impaired older adults, elucidate cognitive correlates of psychopathology in
MCI, and test theoretical models of EF and emotion regulation (e.g., MCCE) in a novel
population. Moreover, enhanced understanding of the emotional experiences of older
individuals with MCI may improve emotional connectedness between cognitivelyimpaired older adults and their loved ones, and help family caregivers find effective ways
of interacting with care-receivers and responding to their emotional needs (La Fontaine &
Oyebode, 2014). Lastly, results may also aid in the development or modification of
psychosocial interventions for cognitively-impaired older adults with psychiatric
symptoms; such interventions would likely target emotion regulation strategies.
Specifically, our statistical approach – which allows for the determination of trajectories
of emotional change in positive and negative emotions during both reactivity and
recovery periods – can yield findings that allow for a more targeted application of those
skills, in terms of both the types of regulation strategies that may be most effective (e.g.,
upregulation of positive emotions if greater changes are found for positive versus
negative emotions) and the point at which strategy implementation would be most likely
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to be successful (e.g., suppression or redirecting attention at the time of the negative
encounter, reappraisal during recovery). Results also lay the groundwork for future
longitudinal work that will use functional neuroimaging to determine if and how patterns
of neural activation to emotionally provocative stimuli change throughout adulthood into
late life both in healthy older adults and older persons who go on to develop MCI and
dementia.
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CHAPTER 2
METHOD
2.1 Participants
Participants were 25 cognitively-intact older adults and 20 older adults diagnosed
with aMCI within the past two years. All participants were 65 years or older and native
English speakers. All participants were accompanied by a companion, who completed
informant questionnaires about the participant’s mood and behavior. Participants were
compensated $5 for every half-hour of participation; companions were compensated $10
for participation.
Healthy older adults were recruited through newspaper advertisements and
community senior centers in western Massachusetts. Older adults with a diagnosis of
aMCI were recruited through the Mind-Body Intervention Study at Rhode Island Hospital
(RIH; Lifespan IRB #: 798834), which is a 12-week randomized clinical pilot trial of a
yoga intervention for aMCI. Participants of the current study included (a) individuals
who participated in the Mind-Body Study and who were assigned to either the yoga
intervention or control group, or (b) those who declined participation in the Mind-Body
Study or were deemed ineligible due to reasons that would not interfere with the current
study (e.g., potential participant did not want to travel to RIH multiple times a week for
Mind-Body intervention). Given that aMCI participants were recruited from a potentially
unique group of individuals who expressed interest in a yoga intervention, the aMCI
sample in this study was compared to aMCI samples from previous research on cognitive,
mood, and behavioral measures to assess typicality of the sample (Table 1); the aMCI
sample did not significantly differ from other aMCI samples on the primary measures

12

used in this study.1 To ensure the internal validity of the study, prospective participants
were excluded if any of the following were present: significant auditory or visual
impairment (without use of corrective devices) that would interfere with the ability to
perceive the stimuli, presence of a neurological condition (other than aMCI in the aMCI
group; e.g., Parkinson’s disease, brain tumor, epilepsy, multiple sclerosis), current
clinical diagnosis of a mental illness associated with significant cognitive impairment
(e.g., major depressive disorder [MDD], bipolar disorder, schizophrenia/schizoaffective
disorder, and/or substance dependence [e.g., DSM-5 diagnosis of moderate to severe
substance use disorder]; Etkin, Gyurak, & O’Hara, 2013; Fernández-Serrano, PérezGarcía, Schmidt Río-Valle, & Verdejo-García, 2010), and/or current use of medication/s
found to impact cognition in older persons (e.g., anticholinergics, benzodiazepines,
opioid analgesics, tricyclic antidepressants; Moore & Keeffe, 1999).
Older adults with aMCI received a diagnosis of aMCI within the past two years
by a licensed psychologist at RIH following a comprehensive neuropsychological
evaluation. Diagnosis was based on criteria defined by the Diagnostic and Statistical
Manual of Mental Disorders – Fifth Edition (DSM-5) for mild neurocognitive disorder,
which mirror the widely utilized criteria established by the International Working Group
on Mild Cognitive Impairment (American Psychiatric Association, 2013; Petersen et al.,
2014; Winblad et al., 2004). In accordance with these criteria, all of the following were
required for a diagnosis of aMCI: (1) evidence of modest cognitive decline in one or

1

A literature review was conducted to identify studies with an aMCI sample that used the same cognitive,
behavioral, and/or mood measures that were used in the current study. The variables presented in Table 1
are, in some cases, not the same variables used in primary analyses for this study, and instead were used to
compare this aMCI sample to those in other studies. The Operation Span task (OSPAN) was omitted from
this series of analyses because no studies to date have used this measure in an MCI sample.
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more domains – one of which was memory – as evidence by (a) memory impairment
reported by the individual, a knowledgeable informant, or a clinician; and (b) impairment
in cognitive performance on objective testing, defined as at least one memory score that
was  1.5 standard deviations below the normative mean; (2) cognitive deficits did not
significantly interfere with independence in everyday activities; (3) cognitive deficits did
not occur exclusively in the context of delirium; and (4) cognitive deficits were not better
explained by another mental disorder.
Healthy older adults in this study exhibited intact overall cognitive functioning, as
defined by a score of 32 or greater on the Telephone Interview for Cognitive Status modified (TICS-m; Knopman et al., 2010). Knopman and colleagues (2010) identified
≥32 as the optimal cutoff score to distinguish cognitively-healthy persons from
individuals with MCI (sensitivity = 71.4%). Participants in the healthy older adult group
denied cognitive complaints that (a) were more severe than their same-aged peers and (b)
significantly interfered with daily functioning.

2.2 Procedure
Healthy older adults completed the TICS-m and answered questions about
cognitive complaints via phone to determine their eligibility for the study. Older adults
diagnosed with aMCI through the RIH Neuropsychology Service - and who indicated
interest in participating in research - were contacted about the present study. All potential
participants answered questions regarding auditory/visual impairments, neurological and
psychiatric history, and current medications via phone to determine eligibility. Those
who met inclusion criteria were invited to participate. Control participants completed the
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study procedures in a laboratory at the University of Massachusetts Amherst. aMCI
participants completed the study procedures at the RIH Neuropsychology office.
Following informed consent procedures, participants completed a demographic
questionnaire and self-report measures of depressive symptoms and executive behaviors.
Information from knowledgeable informants regarding participants’ executive abilities
and psychiatric symptoms were collected. The mood induction procedure then began
(Figure 1). The mood induction stimuli were presented electronically using the E-Prime
3.0 software (Psychology Software Tools). During the mood induction, participants first
completed a baseline rating of their current, momentary emotions, then watched a 3minute neutral, nature-related video clip to acclimate them to the setting and procedures.
At the end of the neutral clip, participants completed a post-film rating of their current
emotions. Next, participants watched a 2 min, 51 sec film clip from the movie The
Champ. The scene depicted a young boy watching his father’s death after a boxing
match. This film clip has been used in previous mood induction studies and has been
found to induce negative emotions in younger and older adults (e.g., Beaudreau,
MacKay, & Storandt, 2009). Immediately following the end of the film clip, participants
rated their momentary emotions. After a 3-minute delay, during which participants were
asked to sit quietly, they rated their momentary emotions. Participants again provided
momentary emotion ratings at 6-minutes post-induction. Memory for the film clip was
then assessed using five multiple choice questions and five visual recognition items, in
which participants determined whether or not a film screen capture was from the film clip
they just viewed (Appendix A). The induction procedure concluded with a brief, positive
video clip for mood repair. Following the mood induction procedure, participants

15

completed a brief battery of neuropsychological measures.
To reduce experimenter effects, all procedures during the mood induction portion
of the study, including emotion rating questionnaires, videos, and video memory tasks,
were administered via E-Prime 3.0 software (Psychology Software Tools). The
participant completed these procedures alone in the testing room. An experimenter was
nearby in case questions about the task or unexpected technical issues arose.

2.3 Measures

2.3.1 Subjective Emotion Ratings
Four positive emotions (pleased, happy, cheerful, and amused) and eight sadnessrelated emotions (sad, depressed, despondent, worried, dejected, gloomy, upset, and
burdened) were rated on a scale of 1 (“not at all”) to 7 (“extremely”) before and after
each film clip and after brief recovery periods (Appendices B and C). These terms were
selected because they were sensitive to change following a negative mood induction
using similar stimuli (i.e., film clips about interpersonal loss) with older adults
(Kunzmann & Grühn, 2005). The positive emotions were combined to create a
“pleasantness” subscale, and the sadness-related emotions were combined to create a
“sadness” subscale (Kunzmann & Grühn, 2005).

2.3.2 Executive Function
Three components of EF (i.e., working memory, behavioral inhibition, and taskswitching) are linked to self-regulatory mechanisms (Hofmann, Schmeichel, & Baddeley,
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2012). In addition, initiation and retrieval (also components of EF), as measured by a
verbal fluency task, have been found to be associated with emotion regulation in older
adults (Gyurak et al., 2012). Therefore, measures that tap into each of these constructs
were used, as described below. A self- and informant-report questionnaire of EF
behaviors in daily life were also included, as described below.

2.3.2.1 Working Memory
Operation Span (OSPAN; Redick et al., 2012) is a working memory task in which
participants solve an arithmetic equation and then see a letter to remember for later recall.
After 3 to 7 such processing-and-storage presentations, participants must identify the
letters in correct serial order. The total number of letters recalled in the correct order on
memory trials (i.e., OSPAN partial score) was used in analyses (Conway et al., 2005).
Scores are highly correlated with other working memory measures and are predictive of
higher-order cognitive abilities. Internal consistencies range from .84 to .86 (Redick et
al., 2012).

2.3.2.2 Behavioral Inhibition
Delis-Kaplan Executive Function System (D-KEFS; Delis, Kaplan, & Kramer,
2001) Color Word Interference Test Conditions 1 and 3 was used to assess behavioral
inhibition. In Condition 1 (Color Naming), participants are asked to rapidly name
patches of colors. In Condition 3 (Inhibition), color words are printed in incongruent ink
and participants are asked to rapidly identify the color of the ink, thus inhibiting the prepotent response to read the word. A difference score (Condition 3 Inhibition time minus
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Condition 1 Color Naming time) was calculated to assess inhibition while controlling for
individual differences in color-naming speed (Delis et al., 2001; Jensen & Rohwer,
1966).
The D-KEFS Color Word Interference Test demonstrates adequate test-retest
reliability (Condition 1 r12 = .76; Condition 3 r12 = .75) and construct validity via
associations with other EF measures (Delis et al., 2001). The Condition 3 minus
Condition 1 difference score has been considered the “purest” measure of the degree of
interference caused by the inhibition aspect of the task (Delis et al., 2001; Jensen &
Rohwer, 1966).

2.3.2.3 Task-Switching
The Trail Making Test (Reitan, 1955) is a measure of attention and executive
function. Trails A assesses basic attention and visuo-motor speed; in this condition,
participants connect numbered circles in ascending order. Trails B assesses taskswitching and cognitive flexibility; in this condition, participants connect circles
containing numbers and letters in order, alternating between numbers and letters. Trails B
completion time minus Trails A completion time difference score was calculated and
used in analyses as the task-switching EF measure (Sánchez-Cubillo et al., 2009).
The Trail Making Test has consistently been found to demonstrate adequate
reliability and construct validity as a measure of processing speed and executive function
(Lezak, 1995). The Trails B – Trails A difference score has been identified as a purer
indicator of executive control abilities than the use of the Trails B score alone (SánchezCubillo et al., 2009).
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2.3.2.4 Initiation and Retrieval
Initiation and retrieval was assessed using the Controlled Oral Word Association
test (COWA; Gladsjo et al., 1999). COWA is a phonemic fluency measure that assesses
higher-level cognitive functions, including task initiation and systematic retrieval of
responses. Participants generate words that begin with a particular letter (F, A, and S) in
60 seconds. Number of correct responses across the three letter trials was used in
analyses.
COWA demonstrates adequate internal consistency (among letters F, A, and S; r =
.83) and test-retest reliability (r = .74; interval >5 years in older adults; Tombaugh,
Kozak, & Rees, 1999). Validity data are indicated by positive correlations with other
executive measures (Strauss, Sherman, & Spreen, 2006). Performance on phonemic
fluency was associated with emotion regulation (specifically up-regulation and downregulation of emotion) in previous research (Gyurak et al., 2012).

2.3.2.5 Executive Function Behaviors
The Behavior Rating Inventory of Executive Function – Adult (BRIEF-A) is 75item, 10-minute self- and informant-report inventory that assesses several behavioral
aspects of EF (Roth, Isquith, & Gioia, 2005). It produces an overall score (Global
Executive Composite; GEC) and two index scores: Behavioral Regulation Index (BRI;
Inhibit, Shift, Emotional Control, and Self-Monitor) and Metacognitive Index (MI;
Initiate, Working Memory, Plan/Organize, Task Monitor, and Organization of Materials).
Higher scores represent greater executive dysfunction. BRIEF indices demonstrate
strong internal consistency, test-retest reliability, and convergent validity (Roth et al.,
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2005). Both self- and informant-reports have been used in an MCI population (Rabin et
al., 2006). Self and informant GEC, BRI, and MI were included in analyses.

2.3.3 Verbal Memory
The Wechsler Memory Scale – Fourth Edition (WMS-IV; Wechsler, 2009)
Logical Memory (LM) is a verbal memory test that assesses immediate (LM I) and
delayed recall and recognition (LM II) of two orally-presented stories. Given that
participants were 65+ years of age, the LM subtest from the WMS Older Adult battery
was used. LM I and II demonstrate good internal consistency (rs = .82 and .85,
respectively) and moderate test-retest reliability (rs =.74 and .71, respectively). LM
moderately correlates with short-delay and long-delay cued and free recall scores on the
California Verbal Learning Test (CVLT; rs ranging from .40 to .53). LM II (delayed
recall and recognition) were used in this study to characterize group differences in
memory performance.

2.3.4 Psychiatric Symptoms
The Neuropsychiatric Inventory – Questionnaire (NPI-Q; Kaufer et al., 2000) is a
12-item informant-report questionnaire that assesses psychiatric symptoms in individuals
with neurodegenerative disorders or other neurological illnesses. Study companions
rated the presence (“yes” or “no”) and, if present, the severity (“mild,” “moderate,” or
“severe”) of the following symptoms in the participant: delusions, hallucinations,
agitation, depression, anxiety, euphoria, apathy, disinhibition, irritability, motor
disturbance, nighttime behaviors, and appetite disturbance. The NPI-Q demonstrates
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adequate test–retest reliability (r = .80 for total symptom score; mean interval 6.9 hours)
and convergent validity with the standard, clinician-administered interview version of the
NPI (Cummings et al., 1994). Total NPI-Q severity score was used in analyses.

2.3.5 Depression
The Center for Epidemiological Studies-Depression Scale (CES-D; Radloff,
1977) is a 20-item self-report measure of depressive symptoms developed for use in
community populations. Respondents rate how many times during the past week they
have experienced specific emotions or behaviors on the following scale: rarely or none of
the time, some or a little of the time, occasionally or a moderate amount of time, most or
all of the time. Scores range from zero to 60, with higher scores indicating greater
depressive symptomatology. The CES-D demonstrates adequate internal consistency (r =
.85 in a general population sample), test-retest reliability (all but one r ranged from .45 to
.70), and convergent and divergent validity (Radloff, 1977). The scale has been used
with older adults (Davey, Halverson, Zonderman, & Costa, 2004).

2.4 Data Analytic Plan
In preliminary analyses, descriptive statistics for demographic variables, baseline
emotion ratings, predictor variables (EF measures), and possible covariates (e.g.,
depression, neuropsychiatric symptoms) were calculated to characterize the two samples
(i.e., aMCI and cognitively-intact) and were evaluated for normality and outliers. The
aMCI and cognitively-intact groups were then compared on all study variables using ttests and chi-square analyses to determine if variables (other than predictors) that
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significantly differed between groups should be included as covariates in primary
analyses.
Given the longitudinal structure of the data, primary analyses were conducted
using hierarchical linear modeling (HLM). HLM determines rates and patterns of change
across multiple time points, while accounting for the dependency of multiple measures
from the same participant (Raudenbush & Bryk, 2002). Piecewise 2-level mixed models
were used to address both research questions. Piecewise models allowed for (a) the
simultaneous estimation of within-person differences (level-1) and between-person
differences (level-2) in the primary outcomes of interest (i.e., sadness and pleasantness)
across the reactivity phase (piece 1; three time points) and the recovery phase (piece 2;
three time points), and (b) the simultaneous estimation of different slopes for piece 1 and
piece 2. The intercepts in these models were the point at which the two pieces intersect
(i.e., time point 3, immediately following the end of the negative film clip), establishing
the following parameters: levels of sadness and pleasantness at that particular time point,
rate of change across piece 1, and rate of change across piece 2. Due to the limited
number of time points in each piece, only linear models of change were tested (because
quadratic models require more time points). For significant effects, estimates of effect
size (pseudo-r2) were calculated. Prior to addressing the primary research questions
(described below), an unconditional model was run to determine if there were significant
changes in sadness and pleasantness across the reactivity phase and the recovery phase in
the full sample, without isolating any other variables (e.g., participant group, cognitive
variables).
2.4.1 Research Question 1
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The first research question determined differences between aMCI and
cognitively-intact participants in subjective emotional reactivity and recovery following
mood induction. The model used to address this question included within-participant
differences at level-1 and patient group (i.e., aMCI versus control) at level-2, and
determined if patient group predicted change in sadness and pleasantness across piece 1
(reactivity) and piece 2 (recovery).
2.4.2 Research Question 2
The second research question determined if EF (assessed via neuropsychological
and behavioral measures) was associated with emotion reactivity and recovery. The
model used to address this question included within-participant differences at level-1 and
EF at level-2, and determined if EF predicted change in sadness and pleasantness across
piece 1 (reactivity) and piece 2 (recovery). We also included interaction (i.e.,
moderation) models for all EF variables to determine if associations between EF and
emotional response significantly differed based on group status. Given that the EF
measures in this study represent different components of executive processing and were
sufficiently distinct based on correlational analyses (all rs less than .60), each variable
was entered into a separate model.
2.4.3 Power Analyses
Traditional power analyses are not feasible when using multilevel models.
However, per Raudenbush and Bryk (2002), a Level 2 sample size of 40 is adequate to
produce accurate parameter and standard error estimates in the models tested in this
study. In order to address the potential for Type I error from multiple analyses, we
decreased the alpha level from .05 to .01 for HLM analyses. However, given our small
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sample and the dearth of previous mood induction research with an MCI sample, trendlevel associations are discussed.
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CHAPTER 3
RESULTS
3.1 Preliminary Analyses
Age, gender distribution, education level, depressive symptoms, neuropsychiatric
symptoms, and baseline sadness and pleasantness did not significantly differ between
groups. All participants (100%) identified as White. Older adults with aMCI performed
significantly worse than healthy older adults on all cognitive measures and on a task that
assessed memory for the negative film clip (Table 2). Self-reported executive difficulties
did not significantly differ between groups. Given that memory impairment is the
defining feature of aMCI, memory performance was not included as a covariate.
Executive function measures were strongly correlated, but sufficiently distinct (all rs less
than .60); therefore, each executive measure was entered into an HLM model as a
separate predictor.
Log-transformed scores for the sadness subscale were used in analyses because of
significant positive skew in the raw scores. All other variables were acceptably normally
distributed; thus, no further transformations were required. Predictor variables were
grand-mean centered in all HLM models. Time was centered in the HLM models such
that intercept values reflected emotion ratings immediately following the negative film
clip (i.e., time point 3). Repeated-measures ANOVA analyses revealed no significant
differences in Sadness and Pleasantness ratings between time point 1 (prior to the neutral
video) and time point 2 (post-neutral video), as expected. Given that there were no
significant differences between these time points, including them separately in HLM
models could distort the results for Piece 1; therefore, we allowed HLM to take the
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average of these time points, and estimate change from the time point 1 and 2 average to
time point 3 for Piece 1 (reactivity). Thus, Piece 1 captures total emotion change from
before to after the negative video clip.

3.2 Reactivity and Recovery in the Full Sample (Unconditional Model)
An unconditional model characterized changes in sadness and pleasantness during
the reactivity and recovery phases in the full sample, without isolating the influence of
any other variables (e.g., participant group, cognitive variables; Figure 2). As expected,
results indicated a significant increase in sadness and decrease in pleasantness during the
reactivity phase (Piece 1: baseline to post-negative clip; Tables 3 and 5). Moreover, there
was a significant decrease in sadness and increase in pleasantness during the recovery
phase (Piece 2: post negative clip to post-recovery; Tables 3 and 5). Results indicated
that participants significantly differed in their sadness and pleasantness at post-negative
video (the intercept; ps<.001), in their sadness and pleasantness reactivity slopes
(ps<.001), and in their sadness (p<.001) and pleasantness (p=.09)2 recovery slopes. Thus,
there was support for pursuing the aims of this study to identify individual and group
differences associated with variability in reactivity and recovery.

3.3 Group Differences in Emotional Reactivity and Recovery
Contrary to expectations, HLM analyses with timepoint at Level 1 (i.e., withinsubjects) and group at Level 2 (i.e., between-subjects) revealed no significant differences
between the aMCI and cognitively-intact older adult group in their sadness or
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Significance tests for variability in random effects are overly conservative (Raudenbush & Bryk, 2002).
Thus, alpha was set at .10 for these analyses.
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pleasantness reactivity (Tables 3 and 5). Similarly, there were no significant differences
between the aMCI and cognitively-intact older adult groups in their sadness or
pleasantness recovery. The models with group as a predictor of reactivity and recovery
in sadness and pleasantness were not significantly better fits than the unconditional
models.

3.4 Executive Function Measures as Predictors of Emotional Reactivity and
Recovery
Next, each EF measure was entered into an HLM model, with time as the sole
predictor at Level 1, and group and the EF measure as predictors at Level 2 (Tables 3
through 6). No EF measures were significantly associated with reactivity or recovery in
sadness or pleasantness. However, there was a trend-level association (γ12 = 0.008, SE =
0.003, p = .014) for behavioral inhibition (i.e., performance on the Color-Word
Interference Test), such that individuals with poorer behavioral inhibition had a steeper
sadness reactivity slope (Table 3). In this model, behavioral inhibition accounted for
19.4% of variability in participants’ change in sadness from pre- to post-video, over and
above the effect of group. Moreover, poorer behavioral inhibition was associated with
greater sadness post-negative clip (γ02 = 0.011, SE = 0.003, p <.001; Table 2); behavioral
inhibition accounted for 31% of variability in sadness ratings post- negative clip, over
and above the effect of group. The model with behavioral inhibition as a predictor was a
significantly better fit to the data compared to the model with group alone (p < .01),
suggesting that behavioral inhibition accounted for a meaningful amount of variability in
participants’ sadness reactivity (change in sadness from pre- to post-video) and overall
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level of sadness following the negative clip.
We then tested the interactions between group and each EF measure as predictors
of sadness and pleasantness reactivity and recovery (Tables 3 through 6). Results
indicated a significant interaction of group and behavioral inhibition for sadness
reactivity, such that the association between behavioral inhibition and sadness reactivity
was stronger for the aMCI group compared to the cognitively-intact older adult group (γ13
= 0.019, SE = 0.005, p < .001; Figure 3). That is, poorer behavioral inhibition related to a
steeper increase in sadness for the aMCI group versus the cognitively-intact group, and
better behavioral inhibition related to less of an increase in sadness for the aMCI group
versus the cognitively-intact group. Over and above the main effects of group and
behavioral inhibition alone, the interaction between group and behavioral inhibition
accounted for 36% of the additional variance in sadness change from pre- to post-video.
This interaction model was a significantly better fit to the data than the main effects
model (p = .01).
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CHAPTER 4
DISCUSSION
4.1 Overview of Results
This study was the first to investigate spontaneous emotional response to negative
mood induction in older adults with aMCI compared to cognitively-intact older adults.
Overall, participants reported a significant increase in self-reported sadness and decrease
in self-reported pleasantness after watching a film clip about interpersonal loss, and the
reverse pattern (i.e., decrease in sadness and increase in pleasantness) during the recovery
period. The primary aim of the study was to determine differences in subjective
emotional reactivity to and recovery from negative mood induction in older adults with
aMCI relative to cognitively-healthy older adults. Results did not support the prediction
that older adults with aMCI would report greater emotional reactivity to and slower
recovery from a sadness-inducing film clip compared to healthy older adults. Indeed,
findings indicated that the two groups (i.e., aMCI and healthy control) did not
significantly differ in their sadness and/or happiness reactions to the film clip, nor in their
recovery in sadness and happiness after the film clip.
A secondary aim of this study was to determine the role of EF (as assessed by
both self- and informant-reports and neuropsychological measures) in predicting emotion
response to negative mood induction. Results indicated a trend-level association between
poorer behavioral inhibition and greater sadness reaction to the negative film clip.
Moreover, poorer behavioral inhibition related to a steeper increase in sadness from preto post-film clip for the aMCI group compared to the cognitively-intact older adult group.
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4.2 Group Differences in Emotional Response
As noted, older adults with aMCI and healthy older adults did not significantly
differ in emotional reactivity or recovery from a stressor. Results are inconsistent with
previous work that suggests that older adults with cognitive impairment exhibit deficits in
emotion regulation (e.g., Goodkind et al., 2010). For example, Goodkind and colleagues
(2010) and Henry and colleagues (2009) found that older adults with dementia exhibited
impaired emotion regulation. There are several factors that may explain differences
between this previous literature and the present study. First, the present study assessed
uninstructed – or spontaneous – responses to emotional stimuli, whereas previous
research utilized instructed emotion regulation. Older adults with cognitive impairment
may exhibit deficits in emotion regulation in these latter studies because instructed
regulation is cognitively demanding (Goodkind et al., 2010), whereas naturalistic
response and recovery may present less of a cognitive burden and does not constrain
emotion regulation strategy. Second, previous work directly assessed emotion regulatory
capabilities and strategy usage, while the present study focused on self-reported
emotional responses to emotionally-provocative stimuli. However, as discussed,
spontaneous responses to emotional stimuli (particularly during mood repair) has been
used to infer emotion regulatory abilities and assess emotion regulation in non-instructed
negative mood induction paradigms (e.g., Kliegel, Jäger, & Phillips, 2007). Third,
previous mood induction literature has focused on the emotional responses of persons
with a diagnosis of dementia (e.g., AD, frontotemporal lobar degeneration; Goodkind et
al., 2010; Henry et al., 2009). The present study investigated emotional responses in
persons with aMCI, a milder form of cognitive impairment. Thus, results of this study
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may suggest that individuals in the early stages of cognitive decline prior to the onset of
functional impairment maintain the necessary resources for effective emotion regulation,
at least in the context of a relatively mild and generic (i.e., not personalized) stressor.
Findings of this study are also inconsistent with previous non-mood induction
studies that demonstrate greater self-reported emotional reactivity to stressors in
individuals with MCI compared to cognitively-intact older adults (e.g., Rickenbach,
Condeelis, & Haley, 2015; Sturm et al., 2013). This previous work focused on responses
to social stressors (e.g., anxiety and discomfort in tense interpersonal settings; Sturm et
al., 2013) and personal, daily stressors (e.g., work, family demands, finances; Rickenbach
et al., 2015). Inconsistencies between the findings of this study and previous work may
suggest that the type of stressor plays an important role in the intensity of emotional
responses in individuals with cognitive impairment and how responses may differ from
those of their cognitively-intact, same-aged peers. The stressor applied in this study was
related to interpersonal loss and was relatively mild; in the previous literature discussed,
participants were asked to consider social/relational and/or daily life stressors in their
own lives, which may evoke a distinct emotional response that places a greater demand
on resources.
Moreover, despite research suggesting a high prevalence of psychiatric symptoms
in the MCI population (e.g., Köhler et al., 2016), self-reported depressive symptoms and
informant-reported neuropsychiatric symptoms (e.g., anxiety, apathy, irritability) were
relatively low in this aMCI sample, though not atypical in comparison to other studies
with aMCI samples that used the same measures (see Table 1). Participants with
significant mental illness (e.g., current MDD, bipolar disorder) were excluded from the
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study, and there were no significant differences in depression, neuropsychiatric features,
or baseline momentary positive (pleasantness) and negative (sadness) affect between the
aMCI and cognitively-intact older adult groups. Participants with aMCI were recruited
from a subset of neuropsychology clinic patients who expressed at least some interest in a
yoga intervention study (though several participants in this study ultimately declined
participation in the yoga study). Thus, aMCI participants in the study may represent a
subset of cognitively-impaired older adults with relatively preserved emotional
functioning, which may partly explain the lack of significant differences in emotional
reactivity and recovery in aMCI versus healthy participants.

4.3 Executive Function as a Predictor of Emotional Response
The association between poorer behavioral inhibition and greater sadness
reactivity was stronger for individuals with aMCI compared to healthy older adults;
moreover, there was a trend-level association between poorer behavioral inhibition and a
steeper increase in sadness reactivity. Aside from behavioral inhibition, no other
executive abilities (e.g., working memory, initiation/retrieval, task-switching) were
associated with emotion reactivity or recovery in the present study. Indeed, the effects of
all other EF measures on emotion outcomes were small, especially in comparison to the
effects of behavioral inhibition. Findings are consistent with literature that indicates that
behavioral inhibition/cognitive control may play a role in emotion processing, and
subsequently, emotion reactivity (Hofmann et al., 2012; Leen-Feldner, Zvolensky,
Feldner, & Lejuez, 2002). Inhibitory control aids with overriding undesirable, but
possibly habitual or impulsive, responses (emotional, in this case) that are incompatible
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with one’s goals, in favor of responses that are compatible with one’s desired outcome
(Hofmann et al., 2012). Consistent with this model, poorer behavioral inhibition predicts
(1) greater negative affect in response to stressors in laboratory settings (e.g., LeenFeldner et al., 2002); (2) greater negative reactivity to daily stressors (Compton et al.,
2008); and (3) lower tendency to recruit self-control strategies in response to daily
stressors (Klein, Liu, Diehl, & Robinson, 2017).
Behavioral inhibition may be particularly important in emotion regulatory
processes of older adults. Indeed, findings from fMRI research revealed that older adults
demonstrate increased activity in brain regions linked to inhibitory “top-down” control –
specifically the inferior frontal gyrus of the prefrontal cortex (PFC) – in response to
negative versus neutral stimuli compared to younger persons (Bartholomew, Yee, Heller,
Miller, & Spielberg, 2019; Hofmann et al., 2012; Nashiro et al., 2011; Tessitore et al.,
2005). Older adults may recruit more circuitry responsible for inhibitory control than
younger adults to downregulate negative emotions (Nashiro et al., 2011).
Poorer behavioral inhibition may be more consequential for negative emotional
reactivity in older adults with aMCI compared to cognitively-intact older persons. The
reasons for this finding are not entirely clear. It is possible that given that individuals
with aMCI have fewer overall cognitive resources as a result of neurological decline, they
generally have poorer ability to compensate for deficits in one particular domain (in this
case, behavioral inhibition) compared to cognitively-healthy older adults. In other words,
cognitively-intact older adults who have a relative weakness in behavioral inhibition may
be able to better compensate than aMCI individuals with similar weaknesses by utilizing
other cognitive “tools” (e.g., task-switching) that can aid in emotion regulation;

33

cognitively-intact older adults may experience less of a “hit” on their emotional outcomes
(in this case, emotion reactivity) as a result of this compensation. This hypothesis is
consistent with the Selection, Optimization, and Compensation with Emotion Regulation
(SOC-ER) framework, which postulates that cognitively-healthy older adults compensate
for the loss of resources (as a result of typical, age-related cognitive decline) that underlie
some emotion regulation processes by selecting and optimizing alternative forms of
emotion regulation that utilize cognitive resources that remain intact (Urry & Gross,
2010).
While behavioral inhibition may play a role in reactivity to an emotionalprovocative stimuli, its relationship with emotional recovery is still unclear. In this study,
no EF measures were associated with emotion recovery. Most of the existing mood
induction literature on the phenomenon of recovery focuses on autonomic/cardiovascular
recovery from lab-based stressors, and there is a dearth of research on self-reported
emotional recovery. This study was the first to investigate emotion recovery in a
cognitively-impaired older population. One possible explanation for the lack of
associations between EF abilities and emotional recovery is that recovery is less reliant
on cognitive resources (i.e., less cognitively-demanding) compared to reactivity, and may
be more strongly influenced by personality variables or traits (Javaras et al., 2012).
However, this is a tentative hypothesis that can only be properly investigated following
replication of the present study’s findings.

4.4 Implications
Results of this study lend partial support to theoretical models (e.g., MCCE;
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Ochsner, Silvers, & Buhle, 2012) of EF and emotion regulation, and to the application of
these models to a novel population (i.e., MCI). Such models argue that brain systems
that support higher cognitive control processes modulate emotion regulatory processes.
Previous work has explored links between higher cognitive processes and emotion
outcomes in dementia samples (e.g., Goodkind et al., 2010). This study was the first to
extend this investigation to individuals in the earlier stages of neurodegeneration.
Moreover, results provide some preliminary evidence for poor EF (specifically
behavioral disinhibition) as a possible predictor for increased risk of psychopathology in
aMCI, as suggested in other work (Rosenberg et al., 2011), though future work directly
investigating this link is needed. Persistent hyperreactivity to negative encounters may
increase vulnerability to depression or anxiety.
Findings of this study may have therapeutic implications. For example, results
suggest that psychosocial interventions for cognitively-impaired older adults with
psychiatric symptoms might focus on utilization of emotional strategies at the time of the
negative encounter (i.e., the application of strategies during initial reaction to the
situation), more so than during emotional recovery from the encounter. Moreover,
findings suggest that older adults with MCI may benefit from the use of strategies, such
as suppression, that rely less on behavioral inhibition compared to strategies that place a
greater burden on executive skills, such as detached reappraisal (Shiota & Levenson,
2009). Further, psychotherapeutic approaches that utilize cognitive resources that are
more likely to be intact in cognitively-impaired adults (e.g., attention) may produce better
outcomes than traditional approaches (e.g., cognitive behavioral therapy [CBT]) in these
populations. For example, Urry and Gross (2010) argue that cognitive bias modification
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– a treatment for anxiety that focuses on attentional training – may be more effective in
older persons with declining cognitive resources than CBT, which focuses on modifying
interpretations of situations.
With replication, results of this study may also be used to educate caregivers of
individuals with aMCI. Specifically, knowledge that older persons with aMCI
(particularly those with poor executive abilities) may have a stronger reaction to an
emotional encounter, but will experience typical recovery, may help caregivers respond
to the emotional needs of their care-receivers in a more effective, nonjudgmental manner.
A better understanding of the emotional experiences of individuals with aMCI can
improve emotional connectedness between cognitively-impaired older adults and their
loved ones (La Fontaine & Oyebode, 2014).

4.5 Limitations
The study samples were relatively small and demographically homogeneous. The
lack of racial/ethnic diversity limits the generalizability of findings, and reflects a larger
problem in the field of dementia research (Brewster et al., 2018). Moreover, the majority
of participants were highly educated; indeed, 62% of the full sample had at least a college
degree. Thus, this sample may represent a group of older adults with high cognitive
reserve, which may serve as a protective factor against emotion dysregulation (Urry &
Gross, 2010). The concept of cognitive reserve refers to individual differences in the
ability to cope with brain pathology through the use of pre-existing cognitive or
compensatory processes (Stern, 2002, 2009). Cognitive reserve is believed to be attained
through engagement in cognitively-stimulating activities throughout life, including higher
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education, complex and cognitively-demanding occupations, and “intellectual” and/or
social leisure activities (e.g., reading, community involvement; Stern, 2009). Individuals
with greater cognitive reserve are less susceptible to the effects of age-related brain
changes or early neurodegenerative processes (Opdebeeck et al., 2018; Stern, 2009).
Specifically relevant to the present study, research suggests that cognitive reserve
(including educational attainment) may also moderate the association between mood and
cognition, such that the relationship between greater mood symptoms (e.g., depression,
anxiety) and poorer cognitive performance is weaker for individuals with higher
cognitive reserve (Opdebeeck et al., 2018). aMCI participants in this study also expressed
at least some interest in a yoga intervention study (though not all followed through with
participating in that study); the aMCI sample may therefore be overrepresented by older
adults who are particularly health-conscious or who have better health literacy.
It is possible that participants in our healthy older adult control group had some
degree of cognitive impairment. Although the TICS-m (the cognitive screening measure
used in this study) has demonstrated adequate sensitivity and specificity in discriminating
healthy controls from individuals with MCI (e.g., Knopman et al., 2010), participants in
the healthy control group did not complete a comprehensive neuropsychological
evaluation (as did the participants with MCI). Thus, some participants in the control
group may have been in the early stages of MCI.
In this study, we assessed sadness and pleasantness. Results, therefore, do not
address potential changes in other negative (e.g., anxiety/worry, guilt) and positive (e.g.,
serenity) emotions. Moreover, emotion ratings focused only on emotional valence
(positive or negative) in response to the mood induction. Contemporary research on
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emotion has expanded beyond valence to include arousal (or the degree of energy or
activation associated with an emotion). Affective arousal should be considered in order
to fully assess the emotional experiences of older persons (Kessler & Staudinger, 2009).

4.6 Future Directions
This study was the first to explore spontaneous emotional reactivity and recovery
in older persons with MCI. Replication of the results in a larger, more demographically
diverse sample is necessary to help inform our understanding of emotion dysfunction in
MCI, its effect on daily life, and contributions of executive impairments on emotionality.
Future work can build from this foundational research to explore naturalistic emotional
responses to other stressors, including fear- and anger-inducing stimuli, to better
understand emotion regulation in older persons with MCI across a variety of emotionallyprovocative situations.
Future work should explore emotion regulation strategy usage in the context of
naturalistic mood induction in older persons with MCI. It is possible that emotional
outcomes between cognitively-intact and cognitively-impaired individuals to mood
induction are similar (as demonstrated in this study), but regulation strategies differ.
Indeed, Mammarella and Fairfield (2014) theorize that cognitively-impaired individuals
(such as those with AD) tend to utilize regulation strategies that rely on automatic
inhibitory mechanisms, such as suppression or acceptance, rather than strategies that may
require greater cognitive (specifically executive) resources, such as amplification.
Understanding emotion regulatory strategy usage in individuals with MCI can inform
psychotherapeutic intervention for those with MCI who suffer from psychiatric distress.
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Moreover, the assessment of biological markers of stress reactivity, such as heart
rate and skin conductance, could provide information regarding differences in
physiological stress response in cognitively-impaired versus cognitively-intact
individuals during mood induction. Prolonged autonomic arousal can increase an
individual’s susceptibility to stress-related medical and psychiatric illnesses (Guilliams &
Edwards, 2010). Previous literature has established links between physiological
reactivity to emotional stimuli and neuroanatomical differences in individuals with
dementia; for example, Sturm and colleagues (2015) found associations between left
anterior insula and bilateral frontopolar cortex atrophy and cardiovascular reactivity (i.e.,
heart rate and blood pressure) – but not self-reported emotions – during a happiness mood
induction. Thus, physiological markers may add to or clarify the complex relationship
between cognitive decline and emotion reactivity, and the increased risk of
psychopathology in MCI.
Ultimately, future research could use functional neuroimaging (e.g., fMRI) to
elucidate neural mechanisms contributing to emotion dysregulation in MCI, and possibly
explain – from a neurocircuitry perspective – the relationship between executive
dysfunction and emotional hyperreactivity. There is evidence to suggest associations
amongst response to emotionally-provocative stimuli, brain activity, and general
emotional functioning in cognitively-impaired individuals (e.g., Wright, Dickerson,
Feczko, Negeira, & Williams, 2007); for example, older adults with mild AD
demonstrate greater amygdala response to fearful faces compared to healthy older
controls. Moreover, greater reactivity of the amygdala was associated with worse
irritability and agitation in AD participants (Wright et al., 2007). By contrast, healthy
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older adults demonstrate a decrease in amygdala activity in response to negative stimuli
compared to younger adults, possibly due to reliance on prefrontal emotion regulation
processes (Nashiro, Sakaki, & Mather, 2012; Wright et al., 2007). In healthy older
persons, decreases in amygdala reactivity are associated with positive traits (e.g., trait
tendency to use an effective emotion regulation strategies such as reappraisal; Erk,
Walter, & Abler, 2008) and outcomes (e.g., better regulation of diurnal cortisol levels
following negative mood induction; Urry et al., 2006). Future functional neuroimaging
research with MCI patients – who show greater amygdala atrophy compared to healthy
older adults but less atrophy than individuals with AD (e.g., Whitwell et al., 2007) – may
help determine if similar breakdowns in the neural processing of emotional information
that are occurring in AD are also evident in this earlier stage of decline. If so, this may
eventually serve as an important prognostic marker for individuals with aMCI with
relation to their progression to AD and risk of psychiatric symptoms associated with
dementia.

4.7 Conclusions
This study was the first to determine trajectories of emotional change in response
to a sadness-inducing stimulus in older adults with MCI compared to cognitively-intact
older adults. Results indicated no significant differences in self-reported emotional
reactivity to and recovery from negative mood induction between older persons with and
without a diagnosis of MCI. However, behavioral inhibition had a stronger association
with sadness reactivity in individuals with MCI than cognitively-intact older adults.
Results of this study lend partial support to theoretical models of EF and emotion
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regulatory abilities, and – with replication – may inform psychosocial interventions for
persons with MCI who experience psychological distress. Future work, including
functional neuroimaging studies, in this area can aid in elucidating neural mechanisms
that contribute to emotional response to stressors in cognitively-intact older adults and
those with MCI and AD; this work may ultimately be used to help determine prognosis
for individuals with MCI regarding progression to dementia and risk of psychiatric
disturbances in late life.
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Table 1
Comparisons between the Current Study’s aMCI Sample and aMCI Samples from
Previous Research on Cognitive Measures, Executive Behavior Ratings, and Mood
Ratings
aMCI Sample
Current Study
n = 20
Variable
Cognitive Measures

M (SD)

LM II Delayed
Recall

8.50 (7.48)

D-KEFS ColorWord Switching
Conditiona
Trail Making Testa
COWA Total

aMCI Sample
Previous
Research

M (SD)
7.67 (6.73)

Source of aMCI
Sample
Kinsella et al.
(2016)

92.44 (32.59)

94.80 (77.90)

Hessen et al. (2016)

105.55 (60.24)

86.60 (63.10)

Marshall et al.
(2011)

32.05 (13.63)

34.44 (12.36)

SchmitterEdgecombe et al.
(2009)

BRIEF-A Informant
Ratings (Range 1-3)b

Test Statistic
t(124) = -0.48
t(37) = 0.13

t(405) = 1.31
t(44) = 0.62

Rabin et al. (2006)

Inhibit

1.20 (0.23)

1.19 (0.22)

t(47) = -0.15

Shift

1.44 (0.53)

1.43 (0.39)

t(47) = -0.08

Emotional Control

1.52 (0.46)

1.35 (0.41)

t(47) = -1.36

Self-Monitor

1.34 (0.35)

1.25 (0.31)

t(47) = -0.95

Initiate

1.40 (0.47)

1.31 (0.30)

t(47) = -0.82

Working Memory

1.40 (0.38)

1.43 (0.32)

t(47) = -0.30

Plan/Organize

1.35 (0.37)

1.24 (0.27)

t(47) = -1.20

Task Monitor

1.44 (0.42)

1.32 (0.33)

t(47) = -1.12

Organization of
Materials

1.51 (0.48)

1.45 (0.35)

t(47) = -0.51

NPI-Q Severity
Total

3.06 (2.80)

1.95 (2.91)

Rosenberg et al.
(2011)

CES-D Total

10.05 (6.93)

11.91 (10.19)

Meléndez et al.
(2018)

Mood/Emotion
Ratings
t(1397) = -1.69
t(49) = 0.72

Note. LM II Delayed Recall = WMS Logical Memory II Delayed Recall total score, Trail
Making Test = Trail Making Test difference score, COWA = Controlled Oral Word
Association total score, BRIEF-A = Behavior Rating Inventory of Executive FunctionAdult Version, NPI-Q Severity Total = Neuropsychiatric Inventory Questionnaire total
severity score, CES-D = Center for Epidemiological Studies-Depression scale
aHigher scores represent poorer performance.

42

bThe

average item score (range 1-3) for each subscale is presented. Higher ratings
represent greater self- or informant-reported executive dysfunction.
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Table 2
Descriptive Statistics and Comparisons between the Cognitively-Intact and aMCI Groups
Variable
Age
Percent Female

Cognitively Intact
n = 25
M (SD) or %
72.68 (8.75)

aMCI
n = 20
M (SD) or %
74.60 (6.05)

68%

70%

Test Statistic
t(43) = -0.83
χ2 (1) = .02
χ2 (6) = 7.41

Education
<12 Years

4%

5%

GED

4%

0%

High School Graduate

0%

15%

Some College

24%

25%

College Graduate

12%

10%

Some Graduate School

4%

15%

Graduate/Professional Degree

52%

30%

Cognitive Measures
LM II Delayed Recall

21.04 (6.62)

8.50 (7.48)

t(43) = 5.96***

LM II Recognition

19.68 (2.14)

16.65 (2.52)

t(43) = 4.37***

OSPAN Partial Score

36.70 (20.79)

16.85 (16.76)

t(41) = 3.41**

Color-Word Inhibitiona

34.72 (19.53)

48.80 (21.51)

t(43) = -2.30*

Trail Making Testa

51.92 (40.99)

105.55 (60.24)

COWA Total

43.80 (13.63)

32.05 (13.63)

BRIEF-A Self GEC

101.88 (21.35)

107.75 (22.37)

BRIEF-A Self BRI

43.80 (10.79)

43.80 (10.02)

t(41.97) = .00

BRIEF-A Self MI

58.08 (12.28)

63.95 (12.94)

t(43) = -1.56

BRIEF-A Informant GEC

90.96 (19.52)

120.95 (27.64)

BRIEF-A Informant BRI

40.08 (9.88)

47.89 (12.22)

t(42) = -2.28*

BRIEF-A Informant MI

50.88 (11.68)

73.05 (18.34)

t(42) = -4.89***

1.64 (3.41)

3.06 (2.80)

t(42) = 1.48

9.68 (6.75)

10.05 (6.93)

t(43) = -0.18

15.90 (5.37)

15.78 (4.41)

t(43) = 0.09

11.00 (4.84)

11.40 (4.47)

t(43) = -0.29

9.24 (1.09)

7.9 (1.71)

t(43) = 3.19**

t(32.19) = -3.40**
t(43) = 2.89**

Executive Behaviorsb
t(43) = -.90

t(42) = -4.22***

Mood/Emotion Ratings
NPI-Q Severity Total
CES-D Total
c

Baseline Pleasantness (range: 4-28)
c

Baseline Sadness (range: 8-56)
Film Recall Total

Note. LM II Delayed Recall = WMS Logical Memory II Delayed Recall total score, LM
II = WMS Logical Memory II Recognition total score, OSPAN Partial Score = Operation
Span Partial Score, Color-Word Inhibition = DKEFS Color-Word Inhibition difference
score, Trail Making Test = Trail Making Test difference score, COWA = Controlled Oral
Word Association total score, NPI-Q Severity Total = Neuropsychiatric Inventory
Questionnaire total severity score, CES-D = Center for Epidemiological StudiesDepression scale, BRIEF-A = Behavior Rating Inventory of Executive Function-Adult
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Version; GEC = Global Executive Composite, BRI = Behavioral Regulation Index, MI =
Metacognitive Index.
aHigher scores represent poorer performance.
bHigher ratings represent greater self- or informant-reported executive dysfunction.
cBaseline emotion ratings represent the average of ratings from time points 1 (pre-neutral
video) and 2 (post-neutral video).
* p < .05. ** p <.01. *** p < .001.
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Table 3
Change in Sadness during Piece 1 (Reactivity) and Piece 2 (Recovery) as Predicted by
Group, Performance-based Executive Function Measure, and Group by Executive
Function Interactions
Parameter
Unconditional

Intercept (SE)

Piece 1
Coefficient (SE)

Piece 2
Coefficient (SE)

Intercept

2.69 (0.07)**

0.37 (0.06)**

-0.16 (0.02)**

**

**

**

χ2(3) = 0.88

Group
Intercept

2.63 (0.09)

0.33 (0.08)

-0.15 (0.04)

Group

0.12 (0.09)

0.07 (0.12)

-0.02 (0.06)
χ2(3) = 1.28

Group + OSPAN
Intercept

2.65 (0.09)**

0.33 (0.09)**

Group

0.09 (0.15)

0.07 (0.14)

0.0004 (0.06)

-0.0002 (.003)

0.001 (0.002)

OSPAN

-0.002 (0.003)

-0.16 (0.04)**

χ2(3) = 5.20

Group + OSPAN +
OSPAN*Group
Intercept

2.63 (0.09)**

0.30 (0.09)**

-0.16 (0.04)**

Group

0.06 (0.15)

0.02 (0.14)

-0.0008 (0.07)

OSPAN

0.0003 (0.004)

0.003 (0.004)

OSPAN*Group

-0.006 (0.007)

-0.01 (0.007)

0.001 (0.002)
-0.0003 (0.003)
χ2(3) = 12.62*

Group + Inhibition
Intercept
Group
Inhibition

2.74 (0.08)**
-0.08 (0.13)
0.01 (0.003)**

0.40 (0.08)**
-0.06 (0.13)

-0.17 (0.04)**
0.02 (0.06)

0.008 (0.003) †

-0.002 (0.001)
χ2(3) = 11.49*

Group + Inhibition +
Inhibition*Group
Intercept
Group
Inhibition
Inhibition*Group

2.66 (0.08)**
-0.06 (0.12)
0.004 (0.004)
0.01 (0.006)

0.30 (0.08)**
-0.04 (0.11)

-0.14 (0.04)**
0.009 (0.06)

-0.003 (0.004)

0.001 (0.002)

**

-0.006 (0.003)

0.02 (0.005)

χ2(3) = 1.32

Group + TMT
Intercept

2.66 (0.09)**

0.35 (0.09)**

Group

0.05 (0.15)

0.03 (0.14)

TMT

0.001 (0.001)

0.0007 (0.001)

-0.17 (0.04)**
0.01 (0.07)
0.0005 (0.0006)
χ2(3) = 1.47

Group + TMT +
TMT*Group
Intercept

2.64 (0.11)**

0.30 (0.10)*

-0.15 (0.05)*

Group

0.07 (0.15)

0.06 (0.14)

0.005 (0.07)

TMT
TMT*Group

Model
Comparisona
--

0.00003 (0.002)

-0.001 (0.002)

-0.00007 (0.001)

0.001 (0.003)

0.003 (0.003)

-0.0007 (0.001)
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Parameter

Intercept (SE)

Piece 1
Coefficient (SE)

Piece 2
Coefficient (SE)

Intercept

2.66 (0.10)**

0.34 (0.09)**

-0.15 (0.04)**

Group

0.08 (0.15)

0.04 (0.14)

-0.03 (0.07)

COWA

-0.003 (0.005)

-0.002 (0.004)

-0.0007 (0.002)
χ2(3) = 2.83

Group + COWA +
COWA*Group
Intercept

2.60 (0.10)**

0.32 (0.09)*

-0.14 (0.04)*

Group

0.08 (0.15)

0.04 (0.14)

-0.03 (0.07)

COWA

0.005 (0.007)

COWA*Group

Model
Comparisona

-0.02 (0.01)

0.001 (0.007)

-0.002 (0.003)

-0.007 (0.010)

0.003 (0.005)

Note. SE = Standard Error, OSPAN = Operation Span partial score, Inhibition = DKEFS
Color-Word Inhibition difference score, TMT = Trail Making Test difference score,
COWA = Controlled Oral Word Association total correct.
aThe group only model was compared to the unconditional model; the group plus
executive function measure models were compared to the group only model; the
interaction model for each individual executive function measure was compared to the
model with group and that executive function measure alone (i.e., a main effect model).
† p < .05. * p <.01. ** p < .001.
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Table 4
Change in Sadness during Piece 1 (Reactivity) and Piece 2 (Recovery) as Predicted by
Group, BRIEF-A Scales, and Group by BRIEF-A Interactions
Parameter
Unconditional
Intercept

Intercept (SE)
2.69 (0.07)**

Piece 1
Coefficient
(SE)

Piece 2
Coefficient
(SE)

0.37 (0.06)**

-0.16 (0.02)**
χ2(3) = 0.88

Group
Intercept

2.63 (0.09)**

Group

0.12 (0.09)

0.33 (0.08)**
0.07 (0.12)

-0.15 (0.04)**
-0.02 (0.06)
χ2(3) = 6.86

Group + GEC Self
**

Intercept

2.64 (0.08)

Group

0.12 (0.13)

GEC Self

0.001 (0.003)

**

-0.15 (0.04)

0.10 (0.12)

-0.03 (0.06)

0.32 (0.08)

-0.004 (0.003)

**

0.0008 (0.001)
χ2(3) = 1.09

Group + GEC Self
+ GEC Self*Group
Intercept

2.64 (0.09)**

Group

0.12 (0.13)

GEC Self

0.001 (0.004)

-0.003 (0.004)

0.001 (0.002)

-0.0007 (0.006)

-0.002 (0.006)

-0.001 (0.003)

0.33 (0.08)**

-0.15 (0.04)**

GEC
Self*Group

Model Comparisona
--

0.32 (0.08)**
0.11 (0.12)

-0.15 (0.04)**
-0.03 (0.06)

Group + BRI Self
Intercept

2.63 (0.09)**

Group

0.12 (0.13)

BRI Self

-0.0003 (0.006)

0.08 (0.12)
-0.01 (0.006)

-0.02 (0.06)
0.003 (0.003)
χ2(3) = 0.52

Group + BRI Self
+ BRI Self*Group
Intercept

2.63 (0.09)**

Group

0.12 (0.13)

BRI Self

0.0007 (0.008)

0.33 (0.08)**
0.08 (0.12)

-0.15 (0.04)**
-0.02 (0.06)

-0.007 (0.007)

0.002 (0.003)

-0.003 (0.01)

-0.007 (0.01)

0.003 (0.006)

Intercept

2.64 (0.09)*

0.32 (0.08)**

-0.15 (0.04)**

Group

0.10 (0.14)

MI Self

0.004 (0.005)

BRI
Self*Group

χ2(3) = 5.95

Group + MI Self
0.11 (0.12)
-0.006 (0.005)
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-0.2 (0.06)
0.0007 (0.002)

χ2(3) = 6.48

Parameter

Intercept (SE)

Piece 1
Coefficient
(SE)

Piece 2
Coefficient (SE)

χ2(3) = 3.03

Group + MI Self +
MI Self*Group
Intercept
Group
MI Self
MI Self*Group

2.64 (0.09)**

0.32 (0.08)**

-0.15 (0.04)**

0.10 (0.14)

0.11 (0.13)

0.004 (0.007)

-0.004 (0.006)

0.002 (0.003)

-0.0003 (0.01)

-0.004 (0.01)

-0.004 (0.005)

-0.02 (0.06)

χ2(3) = 5.58

Group + GEC
Inform
Intercept
Group
GEC Inform

2.65 (0.10)**

0.31 (0.09)**

-0.17 (0.04)**

0.08 (0.16)

0.13 (0.15)

0.008 (0.07)

0.001 (0.003)

-0.002 (0.003)

-0.009 (0.001)
χ2(3) = 5.53

Group + GEC
Inform + GEC
Inform*Group
Intercept

2.73 (0.11)**

0.31 (0.10)*

-0.15 (0.05)*

Group

0.06 (0.15)

0.12 (0.15)

0.005 (0.07)

GEC Inform

0.007 (0.004)

-0.002 (0.005)

-0.009 (0.006)

0.0001 (0.005)

GEC
Inform*Group

0.0003 (0.002)
-0.002 (0.002)
χ2(3) = 5.49

Group + BRI
Inform
Intercept

Model Comparisona

2.65 (0.09)**

0.32 (0.09)**

-0.17 (0.04)**

Group

0.09 (0.14)

0.10 (0.13)

0.007 (0.06)

BRI Inform

0.004 (0.006)

-0.002 (0.006)

-0.003 (0.003)
χ2(3) = 7.05

Group + BRI
Inform + BRI
Inform*Group
Intercept

2.68 (0.10)**

0.29 (0.09)*

-0.15 (0.04)**

Group

0.08 (0.14)

0.10 (0.13)

0.003 (0.06)

BRI Inform

0.01 (0.01)

-0.009 (0.009)

BRI
Inform*Group

-0.01 (0.01)

0.01 (0.01)

0.0007 (0.004)
-0.006 (0.005)
χ2(3) = 4.43

Group + MI
Inform
Intercept

2.65 (0.10)**

0.30 (0.09)*

0.16 (0.04)**

Group

0.09 (0.16)

0.15 (0.15)

-0.003 (0.07)

MI Inform

0.002 (0.005)

-0.004 (0.004)
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-0.0008 (0.002)

Parameter

Intercept (SE)

Piece 1
Coefficient
(SE)

Piece 2
Coefficient (SE)

χ2(3) = 2.38

Group + MI
Inform + MI
Inform*Group
Intercept

2.75 (0.11)**

0.33 (0.10)*

-0.16 (0.05)*

Group

0.06 (0.16)

0.14 (0.15)

-0.004 (0.07)

MI Inform

0.01 (0.007)

0.0001 (0.007)

-0.0004 (0.003)

-0.02 (0.009)

-0.006 (0.009)

-0.0006 (0.004)

MI
Inform*Group

Model Comparisona

Note. SE = Standard Error, BRIEF-A = Behavior Rating Inventory of Executive
Function-Adult Version; GEC = Global Executive Composite, BRI = Behavioral
Regulation Index, MI = Metacognitive Index, Self = Self-report, Inform = Informantreport.
aThe group only model was compared to the unconditional model; the group plus BRIEF
subscale models were compared to the group only model; the interaction model for each
individual BRIEF subscale was compared to the model with group and that BRIEF
subscale alone (i.e., a main effect model).
* p <.01. ** p < .001.
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Table 5
Change in Pleasantness during Piece 1 (Reactivity) and Piece 2 (Recovery) as Predicted
by Group, Performance-based Executive Function Measure, and Group by Executive
Function Interactions
Parameter
Unconditional
Intercept

Intercept (SE)

Piece 1
Coefficient (SE)

Piece 2
Coefficient (SE)

7.28 (0.68)**

-8.47 (0.95)**

2.29 (0.38)**

**

**

**

χ2(3) = 0.60

Group
Intercept

7.14 (0.90)

-8.82 (1.26)

2.15 (0.50)

Group

0.33 (1.36)

0.79 (1.91)

0.32 (0.76)
χ2(3) = 3.25

Group + OSPAN
Intercept

7.15 (0.95)**

-8.20 (1.30)**

2.00 (0.53)**

Group

0.31 (1.53)

-0.61 (2.10)

0.68 (0.85)

-0.001 (0.04)

-0.07 (0.05)

0.02 (0.02)

OSPAN

χ2(3) = 4.33

Group + OSPAN +
OSPAN*Group
Intercept
Group
OSPAN
OSPAN*Group

6.90 (0.97)**

-8.59 (1.31)**

2.23 (0.53)**

-0.05 (1.56)

-1.19 (2.11)

1.02 (0.84)

0.03 (0.04)

-0.03 (0.06)

-0.009 (0.02)

-0.08 (0.08)

-0.13 (0.10)

0.08 (0.04)
χ2(3) = 1.34

Group + Inhibition
Intercept

6.79 (0.94)**

Group

1.03 (1.49)

1.09 (2.11)

0.28 (0.84)

-0.04 (0.03)

-0.02 (0.05)

0.002 (0.02)

Inhibition

-8.97 (1.33)**

2.17 (0.53)**

χ2(3) = 4.18

Group + Inhibition +
Inhibition*Group
Intercept

7.44 (0.98)**

Group
Inhibition
Inhibition*Group

-8.04 (1.39)**

1.94 (0.57)*

0.85 (1.44)

0.83 (2.04)

0.34 (0.84)

0.03 (0.05)

0.09 (0.08)

-0.02 (0.03)

-0.13 (0.07)

-0.18 (0.10)

0.04 (0.04)
χ2(3) = 4.03

Group + TMT
Intercept

7.56 (0.096)**

-7.77 (1.31)**

2.00 (0.54)**

Group

-0.56 (1.57)

-1.46 (2.12)

0.66 (0.88)

TMT

0.01 (0.01)

0.04 (0.01)

-0.006 (0.008)
χ2(3) = 0.78

Group + TMT +
TMT*Group
Intercept

Model Comparisona
--

7.52 (1.10)**

-8.32 (1.48)**

2.09 (0.62)*

Group

-0.55 (1.58)

-1.22 (2.13)

0.62 (0.89)

TMT

0.01 (0.02)

0.02 (0.03)

-0.002 (0.01)

TMT*Group

0.002 (0.03)

0.03 (0.04)

-0.005 (0.02)
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Parameter

Intercept (SE)

Piece 1
Coefficient (SE)

Piece 2
Coefficient (SE)

χ2(3) = 0.80

Group + COWA
Intercept

7.48 (0.98)**

-8.58 (1.38)**

Group

-0.37 (1.57)

0.29 (2.22)

COWA

-0.05 (0.05)

-0.03 (0.08)

2.16 (0.55)**
0.31 (0.88)
-0.0008 (0.03)
χ2(3) = 3.10

Group + COWA +
COWA*Group
Intercept
Group
COWA
COWA*Group

Model Comparisona

7.09 (1.04)**
-0.39 (1.55)
0.007 (0.08)
-0.11 (0.11)

-9.49 (1.43)**

2.21 (0.59)**

0.24 (2.14)

0.31 (0.88)

-0.09 (0.11)

-0.008 (0.04)

-0.26 (0.15)

0.01 (0.06)

Note. SE = Standard Error, OSPAN = Operation Span partial score, Inhibition = DKEFS
Color-Word Inhibition difference score, TMT = Trail Making Test difference score,
COWA = Controlled Oral Word Association total correct.
aThe group only model was compared to the unconditional model; the group plus
executive function measure models were compared to the group only model; the
interaction model for each individual executive function measure was compared to the
model with group and that executive function measure alone (i.e., a main effect model).
* p <.01. ** p < .001.
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Table 6
Change in Pleasantness during Piece 1 (Reactivity) and Piece 2 (Recovery) as Predicted
by Group, BRIEF-A Scales, and Group by BRIEF-A Interactions
Parameter
Unconditional

Intercept (SE)

Intercept

2.69 (0.07)**

Piece 1
Coefficient (SE)
0.37 (0.06)**

Piece 2
Coefficient (SE)
-0.16 (0.02)**

χ2(3) = 0.88

Group
Intercept

2.63 (0.09)**

0.33 (0.08)**

-0.15 (0.04)**

Group

0.12 (0.09)

0.07 (0.12)

-0.02 (0.06)
χ2(3) = 3.00

Group + GEC Self
Intercept

7.08 (0.90)**

Group

0.47 (1.37)

0.51 (1.91)

0.40 (0.76)

-0.02 (0.03)

0.04 (0.04)

-0.01 (0.02)

GEC Self

-8.70 (1.26)**

2.12 (0.50)**

χ2(3) = 1.83

Group + GEC Self +
GEC Self*Group
Intercept

7.09 (0.91)**

Group

0.48 (1.37)

-8.61 (1.25)**
0.60 (1.90)

GEC Self

-0.02 (0.04)

0.07 (0.06)

GEC Self*Group

-0.005 (0.06)

-0.08 (0.09)

2.07 (0.50)**
0.36 (0.75)
-0.3 (0.02)
0.04 (0.04)
χ2(3) = 3.70

Group + BRI Self
Intercept

7.13 (0.90)**

Group

0.35 (1.36)

0.72 (1.87)

0.34 (0.75)

-0.03 (0.07)

0.11 (0.09)

-0.03 (0.04)

BRI Self

-8.79 (1.24)**

2.14 (0.50)**

χ2(3) = 1.59

Group + BRI Self +
BRI Self*Group
Intercept

7.13 (0.90)**

Group

0.35 (1.36)

0.74 (1.86)

0.33 (0.75)

-0.03 (0.08)

0.17 (0.12)

-0.05 (0.05)

0.02 (0.14)

-0.15 (0.19)

0.06 (0.08)

BRI Self
BRI Self*Group

Model Comparisona
--

-8.77 (1.23)**

2.14 (0.50)**

χ2(3) = 2.05

Group + MI Self
Intercept

7.04 (0.91)**

-8.71 (1.27)**

2.11 (0.51)**

Group

0.58 (1.40)

0.52 (1.96)

0.42 (0.78)

MI Self

-0.04 (0.05)

0.04 (0.08)

-0.02 (0.03)
χ2(3) = 1.65

Group + MI Self +
MI Self*Group
Intercept

7.08 (0.91)**

-8.58 (1.28)**

Group

0.62 (1.40)

0.65 (1.95)

0.34 (0.77)

MI Self

-0.02 (0.07)

0.09 (0.10)

-0.05 (0.04)

MI Self*Group

-0.03 (0.11)

-0.12 (0.15)

0.08 (0.06)
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2.03 (0.50)**

Parameter

Intercept (SE)

Piece 1
Coefficient (SE)

Piece 2
Coefficient (SE)

χ2(3) = 3.36

Group + GEC Inform
Intercept
Group
GEC Inform

7.67 (0.97)**

-7.84 (1.34)**

1.91 (0.54)**

-0.84 (1.60)

-1.38 (2.21)

0.87 (0.90)

0.04 (0.03)

0.07 (0.04)

-0.02 (0.02)
χ2(3) = 4.85

Group + GEC Inform
+ GEC
Inform*Group
Intercept

6.86 (1.06)**

-7.84 (1.51)**

1.64 (0.61)*

Group

-0.64 (1.56)

-1.38 (2.22)

0.94 (0.90)

GEC Inform

-0.02 (0.05)

0.07 (0.06)

-0.04 (0.03)

GEC
Inform*Group

0.09 (0.06)

-0.0008 (0.08)

0.03 (0.03)
χ2(3) = 2.12

Group + BRI Inform
Intercept
Group
BRI Inform

7.31 (0.95)**

-8.28 (1.30)**

1.97 (0.52)**

-0.02 (1.49)

-0.32 (2.05)

0.69 (0.82)

0.04 (0.06)

0.12 (0.09)

-0.04 (0.04)
χ2(3) = 7.24

Group + BRI Inform
+ BRI Inform*Group
Intercept

6.97 (1.00)**

-7.69 (1.37)**

1.70 (0.54)*

Group

0.06 (1.47)

-0.46 (2.01)

0.75 (0.80)

-0.04 (0.10)

0.24 (0.13)

-0.10 (0.05)

-0.22 (0.18)

0.10 (0.07)

BRI Inform
BRI
Inform*Group

0.13 ( (0.13)

χ2(3) = 4.00

Group + MI Inform
Intercept
Group
MI Inform

**

**

**

7.86 (0.97)

-7.73 (1.35)

1.92 (0.56)

-1.34 (1.64)

-1.73 (2.28)

0.86 (0.94)

0.08 (0.05)

0.12 (0.06)

-0.02 (0.03)
χ2(3) = 4.02

Group + MI Inform +
MI Inform*Group
Intercept

6.82 (1.09)**

-8.43 (1.56)**

1.76 (0.65)*

Group

-1.01 (1.59)

-1.51 (2.27)

0.90 (0.94)

MI Inform

-0.03 (0.07)

0.04 (0.11)

-0.04 (0.04)

0.17 (0.09)

0.11 (0.13)

0.03 (0.05)

MI Inform*Group

Model Comparisona

Note. SE = Standard Error, BRIEF-A = Behavior Rating Inventory of Executive
Function-Adult Version; GEC = Global Executive Composite, BRI = Behavioral
Regulation Index, MI = Metacognitive Index, Self = Self-report, Inform = Informantreport.
aThe group only model was compared to the unconditional model; the group plus BRIEF
subscale models were compared to the group only model; the interaction model for each
individual BRIEF subscale was compared to the model with group and that BRIEF
subscale alone (i.e., a main effect model).
* p <.01. ** p < .001.
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Positive Video
Film
Questions

Recovery 2

Recovery 1

Sad Video

Neutral Video

Figure 1. Order of mood induction procedure presented in E-Prime 3.0 software. Figure
does not include all instructions and items presented to participants, and instead
represents the general order of conditions.
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Pleasantness Rating

18
16
14
12
10
8
6
4
2
0
1

2

3

4

Time Point

Sadness Rating

2.8
2.7
2.6
2.5
2.4
2.3
2.2
2.1
1

2

3

4

Time Point

Figure 2. Pleasantness (top) and sadness (bottom) reactivity (Time Point 1 to 2) and
recovery (Time Point 2 to 4) in the full sample (unconditional model).
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3.5

Sadness Rating

3
2.5
2
1.5
1
0.5
0

1

2

3

4

Time Point
Control/Low Inhibit

Control/High Inhibit

aMCI/Low Inhibit

aMCI/High Inhibit

Figure 3. Interaction between group (cognitively-intact older adult control versus aMCI)
and behavioral inhibition on sadness reactivity and recovery. “High Inhibit” indicates
poorer performance on Color-Word Inhibition (i.e., poorer behavioral inhibition).
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APPENDIX A
FILM MEMORY ITEMS
Please answer the following multiple choice questions about the film clip you just
watched. Press ENTER to see the first question.
What color was the boy’s hair?
a. Black
b. Brown
c. Blonde
d. Red
How would you describe the boy’s emotional state?
a. Happy
b. Upset
c. Excited
d. Content
What did the boy call the man on the table?
a. Dad
b. Father
c. Henry
d. Champ
What was the man on the table wearing on his hand?
a. A baseball glove
b. An oven mitt
c. A boxing glove
d. A work glove
What did the boy say repeatedly to the man on the table?
a. It's okay
b. Go to sleep
c. Don't leave me
d. Wake up
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You will now see images taken from different films. If the image is from the film clip
you watched a few minutes ago, press the number 1. If the image is not from the film clip
you watched a few minutes ago, press the number 2.
Press ENTER when you are ready to see the first image.
1.

2.

3.

4.

5.
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APPENDIX B
EMOTION RATING SCALE
DIRECTIONS: This scale consists of a number of words that describe different feelings
and emotions. The words will be presented to you one at a time. Read each item and
press the number that best describes how you are feeling right now, in this moment. That
is, indicate to what extent you currently feel this way. Use the scale below for your
answers. Remember, there are no right or wrong answers so please give your honest
opinion.
1
2
3
4
5
6
7
Not at all Slightly Somewhat Moderately Considerably Greatly Extremely

_____________________________________________________
1. Sad................

1

2

3

4

5

6

7

2. Depressed.....

1

2

3

4

5

6

7

3. Pleased..........

1

2

3

4

5

6

7

4. Despondent...

1

2

3

4

5

6

7

5. Worried.........

1

2

3

4

5

6

7

6. Happy...........

1

2

3

4

5

6

7

7. Dejected.......

1

2

3

4

5

6

7

8. Gloomy........

1

2

3

4

5

6

7

9. Cheerful.......

1

2

3

4

5

6

7

10. Upset............

1

2

3

4

5

6

7

11. Burdened......

1

2

3

4

5

6

7

12. Amused........

1

2

3

4

5

6

7

60

APPENDIX C
EMOTION RATING SCALE INSTRUCTIONS AND EXEMPLAR ITEM AS
PRESENTED IN E-PRIME
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